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Inhibition of inducible NO synthase,
cyclooxygenase-2 and interleukin-1b by torilin is
mediated by mitogen-activated protein kinases in
microglial BV2 cells

Y Choi, MK Lee, SY Lim, SH Sung and YC Kim

College of Pharmacy and Research Institute of Pharmaceutical Science, Seoul National University, Seoul, Korea

Background and purpose: Traditionally, the stem and root bark of Ulmus davidiana var. japonica (Ulmaceae) have been known
to be anti-inflammatory in Korea. Anti-inflammatory effects of torilin, isolated from this plant and the underlying mechanisms
were examined by using lipopolysaccharide (LPS)-stimulated microglial BV2 cells.
Experimental approach: The cells were treated with torilin prior to LPS exposure and the effects on pro-inflammatory
enzymes, inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), and a pro-inflammatory cytokine,
interleukin-1b (IL-1b) were analysed by RT-PCR, Western blot or ELISA. To reveal the mechanism of action of torilin we
investigated the involvement of mitogen-activated protein kinase (MAPK) cascades and their downstream transcription factors,
nuclear factor-kB (NF-kB) and cyclic AMP-responsive element (CRE)-binding protein (CREB).
Key results: Torilin significantly reduced the LPS-induced expression of iNOS, COX-2 and IL-1b, and the subsequent release
of NO, prostaglandin E2 and IL-1b into culture medium. LPS stimulation of extracellular signal-regulated kinase 1/2 (ERK1/2)
and p38 MAPK was inhibited by torilin. In addition, the inhibitory effect of torilin on NF-kB and CREB was shown by
torilin-mediated recovery of LPS-induced degradation of inhibitor kB-a and suppression of LPS-induced phosphorylation of
CREB respectively.
Conclusion and implications: This study indicates that torilin inhibited LPS-induced iNOS, COX-2 and IL-1b via down-
regulation of ERK1/2, p38 MAPK, NF-kB and CREB and suggests that torilin has a potential as an anti-inflammatory drug
candidate.
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Introduction

Torilin is a guaiane type sesquiterpene isolated from stem and
root bark of Ulmus davidiana var. japonica (Ulmaceae). The
stem and root bark of U. davidiana var. japonica have been
used in traditional medicine for treatments of inflammation,
oedema and gastric cancer (Lee, 1966). We previously
reported that three sesquiterpenes from this plant, including
torilin, inhibited lipopolysaccharide (LPS)-induced NO pro-

duction in BV2 cells (Kim et al., 2007). In that study, we used
BV2 cells as a screening system for natural products exhibiting
neuroprotective activity, based on the role of microglia in
neuroinflammation (Minghetti and Levi, 1998; Streit et al.,
2004). Thus, the present work was conducted to expand our
investigation of torilin to two important pro-inflammatory
enzymes, inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) and a pro-inflammatory cytokine,
interleukin-1b (IL-1b), and to reveal the underlying anti-
inflammatory mechanisms, employing LPS-stimulated micro-
glial BV2 cells as the experimental system.

Two major forms of NOS and COX enzymes have been
identified. Under normal conditions, the constitutive iso-
forms of these enzymes (constitutive NOS and COX-1) are
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localized in nearly all tissues and are associated with several
important physiological events such as anti-platelet activity,
vasodilation and cytoprotection (Mollace et al., 2005). The
inducible isoforms, iNOS and COX-2, are detected in a variety
of cells in inflammatory situations and result in the produc-
tion of large amounts of pro-inflammatory and cytotoxic NO
and prostaglandins (PGs) respectively. The released NO and
PGs are involved in a number of pathological processes,
including inflammation, pain, neuroinflammatory processes,
arthritis, multiple sclerosis, brain ischemia or cancer (Dubois
et al., 1998; Kröncke et al., 1998; Bogdan, 2001).

The induction of iNOS and COX-2 is transcriptionally
regulated. iNOS and COX-2 genes are found to have binding
sites for the same transcription factors, such as CCAAT-
enhancer box binding protein (C/EBP), cyclic AMP-
responsive element-binding protein (CREB) and nuclear
factor-kB (NF-kB), which are known to be involved in the
LPS/cytokine-mediated induction of transcription (Appleby
et al., 1994; Lin et al., 1996). The pathways regulating iNOS
expression are known to vary in different cells or different
species. In this regard, activation or inhibition of the Janus
kinase/signal transducer and activator of transcription (JAK/
STAT) and/or NF-kB pathway are reported to be the central
mechanisms explaining the effects of many different regula-
tors (Kleinert et al., 2004). With regard to the activation of
the COX-2 promoter, NF-kB, C/EBP and CRE are believed to
play a role, and they differently induce COX-2 depending on
cell type or stimulator (Appleby et al., 1994; Yamamoto et al.,
1995; Caivano and Cohen, 2000). Activation of the mitogen-
activated protein kinase (MAPK) signalling cascade has also
been linked with the PG biosynthetic pathway (Molina-
Holgado et al., 2000).

IL-1b is synthesized in the CNS by tumour-infiltrating
immune cells and by endothelial cells (Liu et al., 2003). In the
CNS, a number of stimuli, such as LPS, traumatic brain injury
and brain viral infection have been shown to produce IL-1b.
Under pathological situations involving CNS inflammation,
IL-1 is mainly secreted by activated microglia and macroph-
ages (Molina-Holgado et al., 2000; Liu et al., 2003).

Microglia are resident immune cells in the CNS and are also
recognized as key cellular mediators of neurodegenerative
process (Cuadros and Navascués, 1998; Kaur et al., 2001; Streit
et al., 2004; Kim and Joh, 2006). They readily become acti-
vated in response to infection or injury. Activated microglia
secrete a number of pro-inflammatory and neurotoxic factors
such as those mentioned above, which cause neuronal
damage (Stoll and Jander, 1999; Liu and Hong, 2003; Lai and
Todd, 2006).

In the present study, we attempted to elucidate the anti-
inflammatory potential of torilin by investigating the effect of
torilin on the inflammatory response induced by LPS in
murine microglial BV2 cells. Torilin inhibited the LPS-
induced expression of iNOS, COX-2 and IL-1b and subsequent
production of NO, PGE2 and IL-1b in BV2 cells. To investigate
the underlying mechanisms, the involvement of MAPKs,
NF-kB and CREB was also examined. The present study pro-
vides information revealing torilin as a potential candidate
compound with anti-inflammatory actions and suggests a
scientific basis for further investigation of torilin against
neuroinflammatory conditions.

Methods

Preparation of torilin
Torilin was isolated from the stem and root bark of U. davidiana
var. japonica as previously reported (Kim et al., 2007). For each
experiment, torilin was dissolved in dimethylsulphoxide (final
culture concentration, 0.05%) and added to the cells at con-
centrations of 10, 30 and 50 mmol·L-1 for 2 h and then exposed
to 0.1 or 1.0 mg·mL-1 LPS (from Escherichia coli; Sigma L4516)
for indicated times. Serum-free media were used as a vehicle
control for LPS. Preliminary studies indicated that the solvent
had no effect on cell viability at the concentration used.

Cell culture
Microglial BV2 cells, originally developed by Dr V Bocchini at
University of Perugia (Perugia, Italy; Blasi et al., 1990), were
generously provided by Dr Sun Yeou Kim at Kyunghee
University (Suwon, Korea). The cells were maintained in Dul-
becco’s modified Eagle’s medium (DMEM; Invitrogen Corpo-
ration, Carlsbad, CA, USA) containing 10% fetal bovine serum
(FBS; Invitrogen Corporation), 100 unit·mL-1 penicillin G,
100 mg·mL-1 streptomycin and 0.25 mg·mL-1 amphotericin B
at 37°C in a humidified atmosphere of 95% O2–5% CO2.

Reverse transcription-polymerase chain reaction
(RT-PCR) analysis
BV2 cells were plated overnight in 12-well plates at a density
of 5 ¥ 105 cells per plate, then the cells were further incubated
in the medium without 10% FBS for at least 4 h before treat-
ments. Total RNA was prepared from BV2 cells by using the
TRIzol® reagent (Invitrogen Corporation) according to the
manufacturer’s protocol. Total RNA was reverse-transcribed
by using the AccuPower® RT Premix (Bioneer Corporation,
Daejeon, Korea) with 2 mg total RNA and oligo dT. Primer
sequences were as follows: iNOS, sense: 5′-GACAAGCTGCA
TGTGACATC-3′, antisense: 5′-GCTGGTAGGTTCCTGTTGTT-
3′; COX-2, sense: 5′-TTGAAGACCAGGAGTACAGC-3′, anti-
sense: 5′-GGTACAGTTCCATGACATCG-3′; IL-1b, sense: 5′-GC
TGCTTCCAAACCTT-3′, antisense: 5′-AGGCCACAGGTATTTT-
3′; GAPDH, sense: 5′-TCGTGGAGTCTACTGGCGT-3′, anti-
sense: 5′-GCCTGCTTCACCACCTTCT-3′. PCR amplification
of the resulting cDNA template was conducted by using the
following conditions for 36 (COX-2 and GAPDH), 40 (IL-1b)
or 46 (iNOS) cycles; denaturation at 94°C for 30 s, annealing
at 48°C (IL-1b), 55°C (iNOS), 57°C (COX-2) or 60°C (GAPDH)
for 45 s, and extension at 72°C for 30 s. The amplified DNA
products were visualized on 1.2% agarose gels and photo-
graphed under ultraviolet light.

Western blot analysis
BV2 cells were plated overnight in 6- or 12-well plates at a
density of 5 ¥ 105 cells per plate, then the cells were further
incubated in the medium without 10% FBS for at least 4 h
before treatments. Cells were harvested with ice-cold PBS and
centrifuged at 110¥ g for 5 min at 4°C. The pellet was lysed
in 20–60 mL of PRO-PREP™ protein extraction solution
(iNtRON Biotechnology, Seongnam, Korea) containing
4 mmol·L-1 sodium orthovanadate and incubated at -20°C for

Inhibitory effects of torilin in BV2 cells
934 Y Choi et al

British Journal of Pharmacology (2009) 156 933–940



20 min. Cell lysates were centrifuged at 20 000¥ g for 5 min at
4°C, then the supernatants were collected. Protein content
was determined by using the BCA protein assay (Pierce, Rock-
ford, IL, USA). Equal amounts of protein (50 mg) were loaded
per lane onto 10% SDS-PAGE gel. Proteins were transferred to
nitrocellulose membranes (Invitrogen Corporation) and sub-
sequently blocked in 4% bovine serum albumin (BSA)-TBST
(100 mmol·L-1 Tris, pH 8.0, 150 mmol·L-1 NaCl and 0.1%
Tween 20) for 2 h at room temperature. Anti-iNOS (1:5000
dilution; BD Biosciences, San Jose, CA, USA), anti-phospho
p38, anti-phospho extracellular signal-regulated kinase 1/2
(ERK1/2), anti-inhibitor kB-a (IkB-a) (1:1000 dilution; Cell
Signaling Technology, Danvers, MA, USA), anti-phospho
CREB (1:500 dilution; Cell Signaling Technology) or anti-
actin (1:1000 dilution; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) antibodies were employed in 4% BSA-TBST. The
membranes were incubated with the primary antibody at 4°C
overnight. After washing three times with TBST, the immu-
noreactive bands were visualized by using secondary antibod-
ies conjugated to horseradish peroxidase (1:10 000 dilution;
Santa Cruz Biotechnology) and ECL chemiluminescence
detection kit (Amersham Biosciences, Piscataway, NJ, USA).
The membrane was stripped with Restore™ Western Blot
Stripping Buffer (Pierce) for 30–40 min at room temperature
and reprobed with anti-p38 or anti-ERK1/2 (1:1000 dilution
in 4% BSA-TBST, overnight, 4°C; Cell Signaling Technology)
antibodies.

Assay of NO production
BV2 cells were plated overnight in 48-well plates at a density
of 3 ¥ 105 cells per plate. NO production was monitored by
measuring the nitrite content in culture medium as previ-
ously described (Green et al., 1982). The isolated supernatant
was mixed with an equal volume of Griess reagent (0.1%
N-1-naphthylethylenediamine dihydrochloride and 1% sul-
phanilamide in 5% phosphoric acid) and incubated at room
temperature for 10 min. Absorbance was measured at 550 nm
in a microplate reader. Sodium nitrite was used as a standard.

Assay of IL-1b production
BV2 cells were plated overnight in 24-well plates at a density
of 3 ¥ 105 cells per plate. The supernatants were collected and
stored at -70°C until measurement of IL-1b. The IL-1b con-
centration in the culture medium was determined by a mouse
IL-1b enzyme-linked immunosorbent assay (ELISA) system
(R&D Systems, Minneapolis, MN, USA).

Assay of PGE2 production
BV2 cells were plated overnight in 6-well plates at a density of
5 ¥ 105 cells per plate. U0126, a selective MEK1/2 inhibitor
(Cell Signaling Technology) or SB203580, a selective p38
inhibitor (Calbiochem, Darmstadt, Germany) was added
30 min before treatment with LPS, dissolved in dimethylsul-
phoxide. The supernatants were collected, and the PGE2 con-
centration in the culture medium was determined by a PGE2

ELISA system (R&D Systems). The supernatants were used
without dilution, and the assay was performed according to
the high sensitivity procedure.

Statistical analysis
Each experiment was performed at least in triplicate. All data
are presented as the mean � standard deviation (SD). Statis-
tical analyses were performed by using SigmaStat® 3.1 (Systat
Software, Point Richmond, CA, USA). The differences among
groups were analysed by one way ANOVA (analysis of variance)
followed by Dunnett’s test for comparing a control group
with all other groups. Values of P < 0.05 were considered to be
statistically significant.

All drug/molecular target nomenclature conform to the
Guide to Receptors and Channels (Alexander et al., 2008).

Results

Torilin inhibits LPS-induced iNOS and NO production
in BV2 cells
Treatment of BV2 microglia with LPS resulted in increased
iNOS expression (Figure 1A,B) and subsequent NO production
(Figure 1C). Pre-treatment with torilin significantly inhibited
iNOS mRNA levels (Figure 1A) and iNOS protein levels
(Figure 1B), compared with LPS-treated control.

Levels of LPS-induced NO were measured in BV2 cells pre-
treated with torilin by the Griess assay (Figure 1C). LPS
increased the nitrite concentration in the medium by eight-
fold as compared with control. Consistent with the results of
iNOS expression, LPS-induced NO production was signifi-
cantly decreased by torilin in a concentration-dependent
manner. Cell viability was not significantly altered by torilin
at the concentrations used (data not shown).

Torilin inhibits LPS-induced COX-2 and PGE2 in BV2 cells
Effect of torilin on another pro-inflammatory enzyme, COX-2
was examined by RT-PCR analysis. Stimulation of BV2 cells
with LPS led to increased expression of mRNA for COX-2
(Figure 2A). Torilin at 30 and 50 mmol·L-1 significantly inhib-
ited the increase of COX-2 mRNA stimulated by LPS
(Figure 2A).

Treatment of BV2 cells with LPS also caused a nearly sixfold
increase in PGE2 release in comparison with untreated
controls, after 17 h exposure to LPS (Figure 2B). Torilin
concentration-dependently inhibited the LPS-induced pro-
duction of PGE2 over the concentration range used here
(Figure 2B).

Torilin inhibits LPS-induced IL-1b in BV2 cells
Effect of torilin on the pro-inflammatory cytokine, IL-1b was
examined by RT-PCR analysis. Exposure of BV2 cells to LPS
strongly induced the expression of mRNA for IL-1b. Torilin at
30 and 50 mmol·L-1 significantly inhibited the induced IL-1b
mRNA, compared with the LPS-treated control (Figure 3A).

ELISA was used to measure immunoreactive IL-1b released
into the culture medium from BV2 cells. When BV2 cells
were treated with LPS for 24 h, a large increase in IL-1b,
16-fold of control, in the culture medium, was observed.
Torilin significantly attenuated LPS-induced IL-1b release,
consistent with the result of IL-1b mRNA expression
(Figure 3B).
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Torilin inhibits LPS-induced degradation of IkB-a and
LPS-induced activation of MAPKs and CREB in BV2 cells
We evaluated the involvement of NF-kB in the inhibitory
effect of torilin on LPS-induced inflammatory factors. BV2
cells were assayed for the degradation of IkB-a by using

Western blotting. As shown in Figure 4A, LPS markedly
decreased levels of IkB-a by 51% of those in untreated control
BV2 cells. This LPS-induced IkB-a degradation was signifi-
cantly reversed by torilin, and IkB-a levels were restored to
normal by 30 and 50 mmol·L-1 torilin. The data indicate that
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Figure 1 Inhibitory effects of torilin on the LPS-induced expression of iNOS and NO production in BV2 cells. BV2 cells were pre-treated with
torilin for 2 h, then exposed to LPS for 6 h (A), 12 h (B) or 24 h (C). (A) Total RNA was extracted from cells, and the level of mRNA encoding
iNOS protein was determined by RT-PCR as described in the Methods. (B) Cell lysates (50 mg protein) were prepared from the cells and
subjected to Western blot analysis by using an antibody specific for iNOS as described in the Methods. (C) The concentration of nitrite in culture
medium was monitored as described in the Methods. The relative mRNA or protein levels were quantified by scanning densitometry and
normalized to GAPDH mRNA or actin protein respectively. The values shown are mean � SD of data from three independent experiments.
*Significant compared with LPS alone, P < 0.05.
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Figure 2 Inhibitory effects of torilin on the LPS-induced expression of COX-2 and PGE2 production in BV2 cells. BV2 cells were pre-treated
with torilin for 2 h, then exposed to LPS for 6 h (A) or 17 h (B). (A) Total RNA was extracted from cells, and the level of mRNA encoding COX-2
protein was determined by RT-PCR as described in the Methods. (B) Levels of PGE2 in the culture medium were determined by ELISA as described
in the Methods. The relative mRNA levels were quantified by scanning densitometry and normalized to GAPDH mRNA. The values shown are
mean � SD of data from three independent experiments. *Significant compared with LPS alone, P < 0.05.
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Figure 3 Inhibitory effects of torilin on the LPS-induced IL-1b gene expression and IL-1b release in BV2 cells. BV2 cells were pre-treated with
torilin for 2 h, then exposed to LPS for 6 h. (A) Total RNA was extracted from cells, and the level of mRNA encoding IL-1b protein was
determined by RT-PCR as described in the Methods. (B) The levels of immunodetectable IL-1b in the culture medium were determined by ELISA
as described in the Methods. The relative mRNA levels were quantified by scanning densitometry and normalized to GAPDH mRNA. The values
shown are mean � SD of data from three independent experiments. *Significant compared with LPS alone, P < 0.05.
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Figure 4 Inhibitory effects of torilin on the LPS-induced degradation of IkB-a and the activation of ERK1/2, p38 MAPK and CREB in BV2 cells.
BV2 cells were pre-treated with torilin for 2 h, then exposed to LPS for 1 h (A–C) or 30 min (D). Cell lysates (50 mg protein) were prepared and
subjected to Western blot analysis by using antibodies specific for IkB-a or the phosphorylated forms of ERK1/2, p38 MAPK and CREB (shown
as pERK, etc.) as described in the Methods. Equivalent loading of cell lysates was determined by reprobing the blots with anti-total ERK1/2,
anti-total p38 or anti-actin antibodies. The relative protein levels were quantified by scanning densitometry and normalized to total ERK1/2,
total p38 or actin. The values shown are mean � SD of data from three independent experiments. Significant compared with LPS alone: IkB-a,
pp38, pCREB, pERK1, *P < 0.05; pERK2, #P < 0.05.
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the anti-inflammatory effect of torilin in LPS-stimulated BV2
cells involved the NF-kB pathway.

Then, we investigated the involvement of MAPKs in the
torilin-mediated inhibition of inflammatory mediators. To
assess activation of these signalling kinases, levels of phos-
phorylated ERK1/2 and p38 MAPK were determined in
LPS-stimulated BV2 cells. ERK2 activation (shown as its phos-
phorylated form, pERK2) was weakly stimulated by LPS, while
ERK1 and p38 MAPK activation were strongly stimulated by
LPS (Figure 4B,C). Torilin had significant inhibitory effects on
LPS-stimulated ERK1 activation, at 10 mmol·L-1, 30 mmol·L-1

and 50 mmol·L-1 (Figure 4B) and on p38 MAPK activation, at
30 mmol·L-1 and 50 mmol·L-1, compared with the CPS-treated
control (Figure 4C). However the LPS-induced increase in
pERK2 was inhibited only by the highest concentration of
torilin (50 mmol·L-1).

CREB is the physiological substrate for mitogen- and stress-
activated protein kinases-1 (MSK1), which is activated by ERK
and p38 MAPK-mediated signalling in response to LPS. CREB
activation was weakly stimulated by LPS, and this activation
was significantly inhibited by pre-treatment with torilin, at all
three concentrations (Figure 4D).

MAPKs are involved in LPS-induced PGE2 production
in BV2 cells
We used SB203580, a selective p38 inhibitor, and U0126, a
selective MEK1/2 inhibitor, to investigate whether p38 MAPK
or ERK are involved in the LPS-mediated COX-2 expression,
by measuring the release of the COX product PGE2, from BV2
cells. Both SB203580 (50 mmol·L-1) and U0126 (50 mmol·L-1),
used separately, blocked the LPS-induced PGE2 production
(Figure 5). SB203580 almost completely abolished PGE2 pro-
duction. These results suggest that one of the possible mecha-
nisms of inhibitory effects of torilin on LPS-stimulated COX-2
is through negative regulation of p38 MAPK and ERK1/2.

Discussion

In the present study, torilin exhibited significant inhibitory
effects on pro-inflammatory mediators, iNOS, NO, COX-2,

PGE2 and IL-1b in LPS-stimulated BV2 cells, and these effects
were associated with its negative regulation of LPS-induced
phosphorylation of ERK1/2 (mainly ERK1) and p38 MAPK.

In our previous study, ERK and p38 MAPK were found to be
positively related to LPS signalling in BV2 cells because inhibi-
tors of MEK1/2 (U0126) and p38 MAPK (SB203580) reduced
LPS-induced iNOS protein (Choi et al., 2008). There are also
some studies suggesting that MAPKs are critical for the LPS-
induced expression of iNOS and release of NO in microglia
(Bhat et al., 1998; Pyo et al., 1998; Lu et al., 2008). These
results might indicate that torilin-mediated inhibition of ERK
or p38 activation is one of the possible mechanisms underly-
ing its inhibitory action on iNOS expression and NO produc-
tion in LPS-stimulated BV2 cells.

In this study, we examined the involvement of MAPKs in
the induction of COX-2 by LPS in BV2 cells. Experiments by
using the selective kinase inhibitors, U0126 and SB203580,
confirmed that ERK and p38 MAPK were also positively asso-
ciated with COX-2 regulation in LPS-stimulated BV2 cells.
COX-2 is a key enzyme for the biosynthesis of PGE2, and the
release of this mediator was decreased by U0126 or
SB203580 in LPS-treated BV2 cells, in our results. This obser-
vation suggests that the inhibitory effect of torilin on
COX-2 induction was regulated via an ERK- or p38-
dependent pathway.

These effects of torilin on the activation of ERK and p38
MAPK by LPS may also affect the promoter activity of NF-kB.
This is supported by the reversal by torilin of the LPS-induced
degradation of IkB-a. Phosphorylation-dependent proteolysis
of IkB-a leads to the activation of NF-kB, and MAPKs are
known to be involved in NF-kB activation (Aga et al., 2004).
As a result, it is suggested that torilin-induced down-
regulation of ERK and p38 MAPK phosphorylation negatively
affects LPS-induced increase in free NF-kB and thus results in
suppression of iNOS and COX-2, which are transcriptionally
regulated by NF-kB (Lowenstein et al., 1993; Baldwin, 1996;
Eliopoulos et al., 2002).

Another transcription factor, CREB, is essential for induc-
ible expression of COX-2 by LPS (Eliopoulos et al., 2002).
ERK1/2 and p38 MAPK are known to be responsible for the
LPS-induced activation of the transcription factors CREB and
activating transcription factor-1 (ATF1) and subsequent
downstream transcription of the COX-2 and IL-1b genes in
macrophages (Caivano and Cohen, 2000). On this basis, we
examined the effect of torilin on CREB activation in LPS-
stimulated BV2 cells. As expected, phosphorylation of CREB
was increased in response to LPS and torilin attenuated the
CREB activation. These results indicate that torilin-mediated
down-regulation of MAPKs leads to the inhibition of
CREB, which may contribute to the inhibition of COX-2
expression.

There is evidence supporting the involvement of the
MAPKs signalling pathways in LPS-induced IL-1b transcrip-
tion and production in microglia and other cells (Finco and
Baldwin, 1993; Nakajima et al., 1993; Baldassare et al., 1999;
Caivano and Cohen, 2000; Kim et al., 2004; Clark et al.,
2006). In addition, COX-2 is up-regulated by IL-1b via
MAPKs signalling pathways in various cell types, such as
astrocytes, airway smooth muscle cells, synovial fibroblasts
or endothelial cells (Crofford et al., 1994; Laporte et al.,
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Figure 5 Involvement of ERK1/2 and p38 MAPK in LPS-induced
PGE2 production in BV2 cells. BV2 cells were pre-treated with U0126
or SB203580 for 30 min, and then the cells were exposed to LPS for
17 h, followed by ELISA for PGE2, as described in the Methods. The
values shown are mean � SD of data from three independent experi-
ments. *Significant compared with LPS alone, P < 0.05.
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2000; Molina-Holgado et al., 2000; Liu et al., 2003; Zhai
et al., 2004). Further, IL-1b induces iNOS and NO production
in C6 astrocytoma cells (Kim et al., 2006). The gene encod-
ing IL-1b also contains a CRE in the promoter region (Sung
and Walters, 1991; Tsukada et al., 1994; Caivano and Cohen,
2000). These observations, combined with our results of
torilin-mediated inhibition of IL-1b, suggest that torilin-
mediated inhibition of the phosphorylation of ERK, p38 and
CREB may contribute to the inhibition of IL-1b production
and, in turn, affect IL-1b-dependent COX-2 or iNOS induc-
tion. Moreover, Faour et al. (2001) showed that the magni-
tude and duration of the induction of COX-2 mRNA,
protein and PGE2 release by IL-1b is primarily the result of
PGE2-dependent stabilization of COX-2 mRNA through acti-
vation of p38 MAPK in human synovial fibroblasts. In this
regard, torilin-mediated inhibition of PGE2 release could
affect this PGE2-dependent positive feedback of COX-2
mRNA expression in our cell system.

The mRNA expression of another important pro-
inflammatory cytokine, tumour necrosis factor a (TNFa) was
also induced by LPS, whereas this was not significantly
affected by torilin in our experiments (data not shown). TNFa
is one of potent neurotoxins produced by microglia during
CNS inflammation, and it is known to be involved in neuro-
degeneration (Loddick and Rothwell, 1999; Sriram and
O’Callaghan, 2007). We paid attention to torilin as a potential
neuroprotective agent based on its inhibitory effect on NO
production in microglial cells in our previous study (Kim
et al., 2007). Thus, anti-inflammatory effects of torilin on
microglial cells might be correlated with its protective effects
against neurodegenerative diseases due to prevention of neu-
roinflammation. However it is difficult to discuss our findings
in relation to the role of torilin in neurodegenerative diseases
at this stage. No significant effect on TNFa could be one of the
reasons for them. In this context, we focused our discussion
on inflammation rather than neuroinflammation in the
present study.

Taken together, the results of our study show that torilin
prevented LPS-induced activation of ERK, p38 MAPK, CREB
and NF-kB, which induced inhibition of iNOS, COX-2 and
IL-1b in BV2 cells. In these processes, the crosstalk between
these mediators, such as IL-1b and COX-2/PGE2, IL-1b
and iNOS/NO or PGE2 and COX-2, appears to potentiate
the effect of torilin, suggesting the possibility of
strong anti-inflammatory actions to be exerted by this
compound.
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